The positive expression of MMP-2 and TIMP-2 were found in esophageal cancer (EC) tissue and correlated with cancer stage and clinico-pathological features of tumor and patients' survival. However, little is known about serum levels of those proteins in EC patients. The aim of the present study was to investigate the diagnostic significance of MMP-2 and TIMP-2 serum levels in EC patients in relation to clinico-pathological features of cancer. The study included 53 EC patients and 92 healthy controls. The serum levels of MMP-2, TIMP-2 and classical tumor markers CEA (carcinoembryonic antigen) and SCC (squamous cell carcinoma antigen) were assayed. The prognostic values and diagnostic criteria for the biomarkers tested were defined. Serum levels of MMP-2, TIMP-2 in EC patients were significantly lower, whereas CEA and SCC significantly higher than in control group. The diagnostic sensitivity of TIMP-2 (57%) was higher than those for other biomarkers tested and increased in combination with SCC (70%). Area under ROC curve for TIMP-2 (0.8698) was larger than for other proteins. In Cox's univariate analysis only SCC serum levels were significant prognostic factors for EC patients' survival. The results suggest the limited value of serum analyses of MMP-2 for tumor staging and prognosis in EC and the better usefulness of TIMP-2 than MMP-2 as a tumor marker in the diagnosis of EC, especially in combined use with SCC.
Introduction
Esophageal cancer (EC) belongs to the most common and aggressive tumors of the alimentary tract, and the frequency of new cases of EC still increases in the Western Europe and USA [1, 2] . This malignancy is the sixth leading cause of cancer death in the world [3] . Eighty percent of esophageal cancer cases occur in developing countries [4] . The mortality and incidence rates of EC are often similar, the reason of that is the relatively late stage of diagnosis and rapid clinical progression [5, 6] .
Development of malignant tumors is a long-term and multi-step process resulting in rapid growth and invasion into lymphatic and blood vessels [7] . The migration of tumor cells depends on the degradation of the extracellular matrix, which can be regulated by complex control of the expression and activity of matrix metalloproteinases (MMPs), a family of zinc-dependent endopeptidases, and their natural inhibitorstissue inhibitors of matrix metalloproteinases (TIMPs) [7] [8] [9] . Remodeling of normal and tumoral tissue may be a result of aberrations in dynamic balance between MMPs and TIMPs. It was shown that degradation of basement membrane and invasion of epithelium is the first step of tumor development and metastasis [10] . www.fhc.viamedica.pl It was proved that matrix metalloproteinase 2 (MMP-2) and tissue inhibitor of matrix metalloproteinases 2 (TIMP-2) are involved in tumor invasion and metastasis in case of breast, gastric, pancreatic and colorectal cancer [11] [12] [13] [14] . It was also suggested, that MMP-2 might play an important role in carcinogenesis of esophageal squamous cell cancer (ESCC) and could act as a biological marker of invasion and lymph node metastasis in this type of tumor. The overexpression of MMP-2 was found in ESCC tumor samples and was significantly associated with cancer stage, depth of tumor invasion and presence of lymph node metastases [15] . Moreover, the polymorphism in the MMP-2 promoter contributed to risk of the occurrence and metastasis of esophageal squamous cell carcinoma by increasing expression of MMP-2 [16] . Sharma et al. have shown the positive expression of TIMP-1 and TIMP-2 in 66% and 72% ESCC cases, respectively [17] . The expression of TIMP-2 in EC tumor tissue was associated with tumor size [17] . Moreover, they revealed that TIMP-1(+)/TIMP-2(+) phenotype inversely correlated with nodal invasiveness of the tumor and MMP-11(+)/TIMP-2(-) phenotype might be a significant predictive factor for disease-free survival in ESCC patients [17] . The survival analysis in their study showed that patients with TIMP-2-negative carcinoma had a significantly shorter disease-free survival as compared to TIMP-2-positive patients. Additionally, an increased expression of TIMP-2 was observed in 50% dysplasias of esophagus, what also suggests that these alterations are early events in esophageal tumorigenesis [17] . An inverse correlation between expression of TIMP-2 and invasive ability of ESCC was found by Chen et al. [18] .
However, there is a little known about serum levels of MMP-2 and TIMP-2 in esophageal cancer patients in comparison to healthy subjects and commonly used tumor markers such as CEA (carcinoembryonic antigen) and SCC (squamous cell carcinoma antigen) [19] . Therefore, the aim of the present study was to investigate the clinical importance of the determination of serum levels of MMP-2 and TIMP-2 in patients with esophageal cancer in relation to clinico-pathological features of cancer and to compare these levels with healthy subjects (control group). Additionally, we measured serum levels of classical tumor markers (SCC and CEA). Moreover, we assessed the diagnostic sensitivity and areas under ROC curves (AUC) for all the proteins tested as well as their prognostic significance in EC patients' survival.
Material and methods
Patients. The study included 53 previously untreated esophageal cancer patients (11 women and 42 men, aged 44-81   years) diagnosed and operated on by Thoracic Surgery Department of the Białystok Medical University Hospital and  92 healthy volunteers as control group (61 women and  31 men, aged 21-65 years) .
The clinical diagnosis of EC was confirmed by microscopic examination of the material obtained during endoscopic examination and/or surgery. Twenty-six EC patients underwent surgical resection of the tumor, while twenty seven patients had non-resectable tumors. Resection of tumor was assessed as microscopically complete (R0) in 25 EC patients, macroscopically complete (R1) in 2 cancer patients and as micro-and macroscopically incomplete (R2) in 3 patients. In 23 patients the assessment of completeness of resection was not possible. Twenty-six EC patients died of cancer during the 4-year observation period, whereas 27 patients survived.
The staging was based on a routine histopathological analysis and clinical assessment, according to TNM (tumor-nodulus-metastases) classification. The tumors were classified in accordance with the staging of the 5th International Union Against Cancer [20] . The subjects who had suffered a heart failure or heart attack were excluded from the study as well as the patients after preoperative radio-chemotherapy.
In the study the following physical and pathological factors were evaluated: tumor size, depth of tumor invasion (T factor), lymph node metastasis (N factor), presence of distant metastasis (M factor) and completeness of tumor resection (R). For the statistical analyses, the EC patients were divided into five groups according TNM classification: 1 cancer patient in stage I, 11 patients in stage IIA, 1 patient in stage IIB, 30 patients in stage III and 10 patients in stage IV. Moreover, we divided the cancer patients into: two groups depending on tumor size (patients with tumors below 4 cm and those with tumors of 4 cm or greater), four groups depending on the depth of tumor invasion (T1, T2, T3, and T4), two groups depending on nodal involvement (N0 and N1), two groups depending on the presence of distant metastases (M0 and M1). The number of patients in the analyzed subgroups are presented in Table 1 . The study was approved by the local ethics committee, the reference number is R-I-002/442/2010. All the patients gave their informed consent to participate in the study.
Protein analyses. Blood samples from all the patients were drawn before surgical treatment. None of the EC patients had received chemo-or radiotherapy before blood sample collection. All sera were separated within 1 hour after blood collection to standardize clotting conditions and stored at -80°C until assayed.
Serum levels of MMP-2 and TIMP-2 were measured using enzyme-linked immunosorbent assay kits (ELISA) (R&D Systems, Abingdon, England) according to the manufacturer's instructions. The serum samples were diluted 10-fold before determination of MMP-2 and 50-fold before measurement of TIMP-2. The intra-assay coefficient of vari- ation (CV%) of MMP-2 is reported by the manufacturer to be 5.8% at a mean concentration of 18.9 ng/mL, SD = 1.1 and of TIMP-2 -to be 4.4% at a mean concentration of 1.23 ng/mL, SD = 0.054.
Serum concentrations of CEA were measured by microparticle enzyme immunoassay kits (MEIA) (Abbott, Chicago, Illinois). The intra-assay CV for CEA is reported by the manufacturer of the assay kits to be 4.9% at a mean concentration of 2.2 ng/mL, SD = 0.11.
The concentrations of SCC-Ag were determined by chemiluminescent assays (CMIA) (Abbott Japan Co., Ltd., Tokyo, Japan) and the intra-assay CV% for SCC-Ag is referred to by the manufacturer of the assay kits as 4.3% at SCC-Ag mean concentration of 1.97 ng/mL, SD = 0.085.
The cut-off points for serum levels of MMP-2 (150.8 ng/ /mL) and TIMP-2 (73.75 ng/mL) were determined using Microsoft Office Excel software. In the ROC report generated by this program, the cut-off values corresponded to the highest accuracy (minimal false-negative and false-positive results). The positive results of MMP-2 and TIMP-2 are below cut-off values. The reference cut-off value for CEA and SCC were established previously in our department [21] . The cut-off points were 4.0 ng/mL for CEA and 2.0 ng/mL for SCC.
Statistical analysis.
A preliminary statistical analysis (c 2 test) revealed that serum levels of MMP-2, TIMP-2, CEA and SCC did not follow a normal distribution. Therefore, nonparametric statistical analyses were used. The stages I, IIA and IIB were analyzed as one group (stage I + IIA + IIB) because of small numbers of patients in the particular subgroups. Similarly, the T1 and T2 patients were analyzed as T1 + T2 subgroup, and resection of tumors as R0 and nonresectable groups (R1 + R2 + not available for assessment).
The Mann-Whitney U-test was used to compare the two groups in each category (EC and healthy controls; adenocarcinoma of esophagi versus planoepithelial cancer; patients with tumors below 4 cm versus those with tumors 4 cm or greater; N0 versus N1 patients; M0 versus M1 group; R0 tumors versus nonresectable). Additionally, we compared each subgroup of cancer patient with control group using the Mann-Whitney test. Differences between more than two groups (e.g. stage I + IIA + IIB, III, IV and T1 + T2, T3, T4 tumors) were compared using Kruskal-Wallis tests. When significant differences were found, the post hoc Dwass-Steele-Critchlow-Fligner test was conducted to determine which groups were different. The Spearman rank correlation test was employed for the correlation analyses. Univariate analyses of survival were performed using the log-rank test, and multivariate analyses employed Cox's proportional hazards model. For all multivariate analyses, forward stepwise procedures were used. Differences were considered statically significant with p values below 0.05.
Moreover, we calculated diagnostic criteria, such as percentage of true positive values (diagnostic sensitivity) and area under the receiver operating characteristic (ROC) curve (AUC) for the MMP-2, TIMP-2 and tumor markers. The 95 per cent confidence intervals (95% C.I.) for diagnostic www.fhc.viamedica.pl sensitivities were calculated using Wilson score method without continuity correction (22) . Statistical analyses were carried out using the STATISTICA 9.0 PL program (StatSoft Inc., Tulsa, OK). Diagnostic criteria and the ROC curves were calculated using Med-Calc statistical software (MedCalc Software, Mariakerke, Belgium) and Microsoft Office Excel program (Microsoft Corporation, Redmond, WA).
Results

Serum levels of MMP-2 and TIMP-2 in esophageal cancer patients
Concentrations of MMP-2, TIMP-2 and tumor markers in the sera of EC patients as well as in healthy subjects are presented in Table 2 . Serum levels of MMP-2 and TIMP-2 were lower, but tumor markers higher in EC patients than in healthy controls and the differences were significant for all proteins tested. Additionally, the concentrations of MMP-2 and TIMP-2 were significantly lower but CEA significantly higher in patients with adenocarcinoma and with planoepithelial cancer of esophagus than in control group. Moreover, the serum levels of SCC in planoepithelial cancer patients were significantly higher than in patients with adenocarcinoma of esophagus and healthy subjects.
Serum levels of MMP-2 and TIMP-2 did not correlate with tumor stage and were the lowest in the sera of EC patients with stage III, but serum levels of CEA and SCC increased and the highest values were observed in patients with most advanced cancer. The differences between cancer stages were significant only for CEA in Kruskal-Wallis test (p = 0.026) and were confirmed in post hoc Dwass-Steel-CritchlowFligner test for comparison between patients with stage II and III of EC. Moreover, the concentrations of MMP-2 and TIMP-2 in all cancer stages were significantly lower but CEA significantly higher in comparison with healthy controls.
Serum MMP-2 were higher, but TIMP-2 lower in EC patients with R0 tumors compared to those with nonresectable, although the differences were not statistically significant. Median concentrations of tumor markers in both subgroups were equal.
Serum levels of MMP-2, TIMP-2, CEA and SCC in EC patients in relation to clinico-pathological features of tumor Table 3 presents concentrations of MMP-2, TIMP-2, CEA and SCC in the sera of EC patients in relation to clinico-pathological features of tumor. The concentrations of MMP-2 and TIMP-2 were lower, whereas CEA higher in patients with tumors of 4 cm or greater when compared to the tumors below 4 cm, although the differences were significant only for CEA. Moreover, the levels of MMP-2 in patients with tumors greater than 4 cm and TIMP-2 in both subgroups of patients were significantly lower than in healthy subjects.
Serum levels of all proteins tested varied according to bowel wall infiltration (T factor). Concentrations of MMP-2 were the lowest in the T4 subgroup, TIMP-2 -in T1 + T2 patients, and tumor markers the highest in T4 tumors, although all these differences were not significant. Moreover, the concentrations of MMP-2 and TIMP-2 in all subgroups were significantly lower in comparison to healthy subjects. Additionally, the serum levels of CEA in T3 and T4 patients were significantly higher than in control group.
In patients with metastatic lymph nodes (N1 tumors) the serum levels of MMP-2 and TIMP-2 were lower than in N0 subgroup, but the differences did not reach statistical significance. The concentrations of tumor markers were higher in patients with nodal metastases, but the differences were significant only for CEA (p = 0.017). In M1 subgroup (patients with distant metastases) the concentrations of TIMP-2, CEA and SCC increased, but MMP-2 decreased in comparison with M0 subgroup. These differences were also not significant in Mann-Whitney test. The concentrations of all proteins tested were the highest in patients with moderately differentiated tumors (G2) but the differences between subgroups analyzed were not significant. Moreover, the results of comparison with control group were similar to cancer stages -the concentrations of MMP-2 and TIMP-2 in all analyzed subgroups (nodal involvement, presence of distant metastases and differentiation of tumor) were significantly lower, whereas CEA significantly higher than in healthy subjects. These findings were confirmed in Spearman rank correlation test, where concentrations of CEA significantly correlated with nodal involvement (p = 0.016) and tumor size (p = 0.016) but MMP-2 with serum levels of TIMP-2 (p < 0.001).
Correlations between MMP-2, TIMP-2, CEA and SCC serum levels and prognosis of patients' survival
Univariate analysis (Table 4) www.fhc.viamedica.pl Table 2 . Serum levels of MMP-2, TIMP-2 and classic tumor markers in esophageal cancer patients 
Discussion
Esophageal cancer still has a poor prognosis and is very difficult to cure. One of the reasons is an invasive character of tumor and its rapid growth. Although some of tumor markers have been tested for their usefulness in diagnosis of EC patients, estimating of www.fhc.viamedica.pl prognosis, monitoring of therapy and early detection of tumor recurrence, there are no suitable tumor markers of this malignancy. SCC and CEA are the tumor markers commonly used in the diagnostics of esophageal cancer, but their diagnostic sensitivity and specificity are still unsatisfactory [23, 24] . The most common technique of investigation the MMPs and TIMPs protein expression is evaluation of immunohistochemical staining, a semiquantitive and subjective method. This method of investigation employs tissue samples preparation and may additionally be limited by sensitivity of monoclonal antibodies. The direct measurement of MMP-2 and TIMP-2 levels in cancer tissues, using real-time PCR, would probably better reflect the production of these proteins in cancer cells, but requires more sophisticated techniques. On contrary, immunoenzymatic determination of MMPs and TIMPs levels in serum of esophageal cancer patients may be performed before treatment and is more simple method of detection. So far, in contrast to tissue expression, little is known about concentrations of MMP-2 and TIMP-2 in the blood of EC patients. Therefore, this report aims to examine the diagnostic significance of the measurement of pretreatment serum levels of MMP-2 and TIMP-2 in patients with esophageal cancer, especially in the diagnosis and prognosis of their survival.
The classic tumor markers for EC -CEA and SCC, which are currently used as biomarkers of tumor burden in clinical practice, were used as reference markers. The concentrations of MMP-2 and TIMP-2 and classic tumor markers in the sera of fif- ty-three EC patients were assessed in relation to clinico-pathological features of tumor, such as cancer stage, histological type of cancer, tumor size, depth of tumor invasion (T factor), involvement of regional lymph nodes (N factor), presence of distant metastases (M factor), differentiation of tumor and resection of tumor. Additionally, we compared serum levels of proteins tested in ninety-two healthy controls.
In the current study the pretreatment serum levels of CEA and SCC were significantly higher in EC patients than in healthy subjects, what is in line with our previous studies on esophageal cancer [21] . Serum concentrations of MMP-2 and TIMP-2 in cancer group were significantly lower than in healthy controls. The obtained results are in accordance with our previous studies on colorectal [25] and gastric cancer [26] and with results of other authors who examined serum or plasma levels of those proteins in malignancies of alimentary tract, e.g. colorectal cancer [27] . Moreover, in the study of Oberg et al., the serum levels of the MMP-2/TIMP-2 complexes were significantly lower in CRC patients as compared to healthy blood donors, however, the serum concentrations of free MMP-2 and total amount of TIMP-2 were significantly higher in comparison with control group [28] . Similarly, Waas et al. in their study revealed that CRC patients exhibited significantly lower plasma levels of circulating pro-MMP-2 in comparison with healthy controls, independent on technique of determination (zymography versus ELISA method) [29] . Results obtained by Fujimoto and coworkers in gastric and pancreatic cancer patients are similar -they found free and complexed proMMP-2 serum levels to be lower than in healthy subjects [30] . On contrary, in the study of Endo et al. it was indicated, that serum and plasma levels of proMMP-2 in gastric cancer patients were significantly higher in comparison to healthy individuals [31] . It may suggest that in EC development an imbalance between MMP-2 and TIMP-2 occurs. Probably, the determination of the levels of the complexes of MMP-2/TIMP-2 in sera of EC patients in further study would help recognize this imbalance. Additionally, these results indicate that differences between cancer patients and healthy subjects could depend on the type of cancer.
The possible reason of decreased levels of MMP-2 and TIMP-2 in EC patients might be a formation of immunological complexes of the enzyme and its inhibitor, what results in changes of their immunoreactivity in ELISA assays, although this hypothesis requires further studies. The exact biochemical and physiological relation between MMPs and TIMPs is still not completely elucidated as well as the interactions with other biologically active factors in the ECM. One of the explanations might be that reduced MMP-9 plasma levels lead to decrease of the synthesis of angiostatin, with a consequent increase in tumor growth and vascularization, which was found by Pozzi et al. [32] . It is possible, that such mechanism might also apply to MMP-2, although this issue requires further investigations.
In our study the concentrations of MMP-2 and TIMP-2 in the sera of EC patients did not correlate significantly with tumor stage, resectability of tumor, tumor size, depth of tumor invasion, nodal involvement, presence of distant metastases or differentiation of tumor. However, serum levels of both proteins tended to be lower in more advanced tumors. The decrease of serum MMP-2 and TIMP-2 in patients with nodal involvement and with tumors greater than 4 cm might reflect formation of MMP-TIMP complexes in esophageal tumor progression. It suggests that use of MMP-2 and TIMP-2 in combination with different imaging techniques could be a predicting tool giving important preoperative information in staging of EC patients. The serum levels of CEA increased significantly with tumor stage, tumor size and presence of nodal metastases, what is in line with our previous study [33] .
We also investigated whether the decreased serum concentrations of MMP-2 and TIMP-2 might be useful prognostic factors for survival of patients with esophageal cancer. The univariate analysis showed that only serum level of SCC as well as cancer stage, T and M factors, tumor size and tumor resectability were significant prognostic factors in EC patients. Consequently, all these variables included in the multivariate regression analysis, revealed that only tumor size may be an independent prognostic factor predicting EC patients' survival. Obtained results are in line with those of Murray et al., who showed that the expression of MMP-2 in esophageal cancer tissue have no potential value as prognostic markers in EC, although, they did not examine the prognostic significance of TIMP-2 [34] . However, prognostic significance of TIMP-2 expression in esophageal cancer tissue was demonstrated by Sharma et al. [17] .
In the present paper, we defined the diagnostic sensitivity as frequency of true positive results and AUC for all proteins tested to assess a potential diagnostic significance of MMP-2 and TIMP-2 as tumor markers in EC. According to our knowledge, this is the first study comparing diagnostic usefulness of these biomarkers in patients with esophageal cancer. We revealed that the diagnostic sensitivity of TIMP-2 (57%) and MMP-2 (40%) were higher than frequency of elevated levels of both classic tumor markers (CEA -30%, SCC -25%). The diagnostic sensitivity of proteins tested increased with their combined use and was the highest for TIMP-2 with SCC (70%) and much higher than for combined use of classical tumor markers for EC -CEA with SCC (47%). Moreover, we demonstrated, that AUC for TIMP-2 measurement (0.8698) was higher than for other proteins tested, e.g CEA (0.7958), MMP-2 (0.7405) and SCC (0.5695). Obtained results indicate the diagnostic significance of TIMP-2 in esophageal cancer but we are going to include benign and precancerous esophageal diseases to clarify the possible usefulness of biomarkers evaluated.
In conclusion, our findings suggest the usefulness of TIMP-2 in the diagnosis of esophageal cancer, especially in combined use with classic tumor markers of EC, e.g. CEA or SCC. However, the further investigations are necessary.
